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(57) A gate line driver (34) sequentially applies the 
gate voltage to a number of gate lines G1 - Gm by pre- 
determined duration. Data lines are grouped into four 
groups each consisting of n lines (d1 A - dnA- group A 
dl B - dnB: group B, d1 C - dnC: group C, and d1D - dnD"' 
group D). A data line driver (40) and a multiplexer (38) 
sequentially perform for the data line groups A - D in the 
above predetermined duration application of data volt- 
age to each data fine in a predetermined data line group 
A precharge controller (44) and a voltage switching cir- 
cuit (46) apply to each of the data line groups A - D 
through a transistor (42), a precharge voltage (.^ or 
-Vt) with the same polarity with that of data voltage be- 
ing applied next time during the time from previous ap- 
plication of the data voltage to next application of it 
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Description 

Field of the invention 

The present invention relates to a device and meth- 
od for driving a liquid crystal display, and, more particu- 
larly to a method for driving a liquid crystal display hav- 
ing display cells each ol which consists of a switching 
element connected to a data line and a gate line, a pair 
of electrodes oppositely disposed with a predetermined 
spacing, a liquid crystal disposed between the pair of 
electrodes and a driver for a liquid crystal display to 
which the driving method can be applied. 

Background art 



A liquid crystal display (LCD) is conventionally 
known as a display for displaying characters or images 
such as graphics on an information processing device 
such as a personal computer. An active matrix driven 
LCD which is composed by arranging switching ele- 
ments such as thin film transistors (TFT) in a matrix is 
particularly promising as a display replacing a CRT be- 
cause it can control intensity of pixels and is also suita- 
ble for display of dynamic images with fast movement 
and for color images. In a TFT LCD, a number of display 
cells are arranged in a matrix. Each display cell com- 
prises a pair of TFT and an electrode provided on a pair 
of opposed substrates, a transparent common electrode 
formed over the entire surface of another substrate 
ftransnarent substrate) and liquid crystal sealed be- 
tween the pair of substrates. The former substrate is 
provided with a number of gate lines for turning on the 
TFTs by row. and a number of data lines for applying 
voltage on the liquid crystal through the TFTs which are 
turned on. 

A driving device for TFT LCD applies a voltage to 
the gate lines for a predetermined duration as shown in 
Figure 10 (A) to sequentially turn on the TFT of each 
display cell, and applies on each data line a voltage with 
intensity corresponding to a gradation value to be dis- 
played on a display cell for which the TFT is turned on 
(data voltage) (see Figure 10 (B)). When the TFT is 
turned on and a data voltage is applied to the data line, 
the liquid crystal of each display cell varies its light trans- 
mittance according to intensity of the voltage, and ac- 
cumulates charges between the pair of electrodes. After 
the TFT is turned off, the accumulated charges maintain 
the state where the light transmittance is varied (see Fig- 
ure 10 (C)). This causes an image to be displayed on 
the LCD In addition, the life of liquid crystal is shortened 
if voltage with the same polarity continues to be applied. 
Thus it is intended to extend the life of liquid crystal in 
such a manner that the liquid crystal is driven by revers- 
ing the polarity of data voltage, for example, every one 
line or one frame to reverse the data voltage applied to 
each display cell every time through utilization of the fact 
that the light transmittance of liquid crystals becomes 



equal even if the polarity differs as long as the absolute 
value of applied voltage is same. 

As a driver (a part of the driving device) for driving 
the data line of LCD, it is common to use a driver which 
s has driving circuits for applying data voltage to the data 
lines in the same number as the data lines. However, 
when a very large number of data lines (for example, 
1 000 lines) are provided to attain an LCD wilh a large 
surface area and high definition, which is an important 
to challenge in the development of LCD, there arises a 
problem that the driver becomes very expensive be- 
cause a very large number of driving circuits are neces- 
sary (lor example, four driver ICs having 250 output ter- 
minals (250 driving circuits) are necessary to be provid- 
15 ed to drive 1 ,000 data lines). In addition, when the pitch 
of LCD display cells is reduced to attain high definition 
of the LCD this causes to reduce the pitch of data lines 
as well For example, if it is reduced to about 1 5 microns, 
it physically becomes very difficult to mount the driver 

20 ICS. . . ., 

As a technique to overcome the above problems, it 
has been proposed to perform so-called multiplex driv- 
ing wherein a driver having driving circuits of 1/n (nbeing 
an integer) in the number of data lines is provided, and 
25 a multiplexer is provided for selectively connecting the 
driver to any one of n sets of data line groups so that the 
driver and multiplexer sequentially drives n sets of data 
line groups. In multiplex driving, because the number of 
driving circuits can be less than that of data lines, it is 
30 possible to achieve a low cost driver and mounting o 
the driver ICs can be relatively easy even if the pitch of 

data lines is small. 

However, in multiplex driving, if the display cycle for 
an image (cycles of vertical and horizontal synchroniz- 
35 ing signals) is constant, the time interval when Ihe data 
voltage is applied to each of data line group is shortened 
as the ratio n of the number of data lines to the number 
of drivingcircuits (called the "multiplex ratio n") becomes 
larger For example, as shown in Figure 10 (D). when 
40 the data lines are divided into four data line groups of A 
- D and the data voltage is sequentially applied to dis- 
play cells connected to each data line group, the dura- 
tion to apply the data voltage to each display cell be- 
comes 1/4 of the case where the multiplex driving is not 
45 performed. This makes, as shown in Figure 10 (E), the 
duration insufficient to apply the data voltage (insuffi- 
cient duration of application being represented by t,)^ 
and the voltage between the electrodes fails to reach 
the predetermined value corresponding to the applied 
so data voltage (insufficient voltage between the elec- 
trodes being represented by V,) so that gradation pro- 
vided by the light transmittance of liquid crystal of each 
display cell does not match the gradation to be displayed 
on each display cell, and thus the quality of displayed 
ss image is deteriorated. . 

Therefore, in conventional multiplex driving, it is 
common to provide a multiplex ratio of about 2 (the 
number of driving circuits being 1/2 of the number of da- 
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ta lines). This is because it is difficult to increase the 
multiplex ratio n in view of the reason described above. 

The present invention is made in view of the above 
facts, and is intended to obtain a device and method tor 
driving a liquid crystal display which can display an im- 
age at high quality even if the duration to apply the data 
voltage is short. 

Disclosure of the invention 

To attain the above object, a device for driving a liq- 
uid crystal display according to the present invention is 
a driving device for driving a liquid crystal display in 
which a number of data lines and a number of gate lines 
are arranged to intersect with each other, and respective 
display cells are positioned at the intersections of the 
data and gate lines, the display cell consisting of a 
switching element connected to a data line and a gate 
line, a pair of electrodes oppositely positioned with a 
predetermined spacing, and liquid crystal disposed be- 
tween the pair of electrodes, the driving device compris- 
ing gate line driving means connected to a number of 
the gate lines, and for applying a voltage to the gate lines 
to turn on for a predetermined duration the switching el- 
ement of the display cell connected to the gate line, data 
line driving means connected to a number of the data 
lines, and for applying a data voltage to the data tines 
for the predetermined duration to change the voltage be- 
tween the electrode pair of the display cell connected to 
the gate line to which the voltage is applied by the gate 
line driving means to a predetermined voltage, and po- 
tential control means for controlling potential on a 
number of the data tines so that, before the data voltage 
is applied by the data line driving means, the potential 
on the data line is close to the data vollage being ap- 
plied. 

In the above arrangement, the data voltage is ap- 
plied to the data line by the data tine driving means in a 
state where the voltage is applied to the gate line and 
the switching element of respective display cells con- 
nected to the gate line is turned on. As the data voltage 
is applied, a current flows through the data line so that 
the voltage between the electrode pair of the display cell 
to which the data line is connected and the switching 
element of which is turned on is changed to a predeter- 
mined voltage. Here, the time from starting of applica- 
tion of data voltage to change of voltage between the 
electrode pair to the predetermined voltage is affected 
by capacitance between the electrode pair and capaci- 
tance contained in the data line. In this case, generally, 
the capacitance of the data line has higher electrostatic 
capacity than that between the electrode pair, and is 
more influential. 

Thus, the present invention controls potential on a 
number o1 data lines with the potential control means so 
that the potential on the data line closes to the data volt- 
age being applied before the data voltage is applied to 
the data line. Then, when the data voltage is applied to 



each data line, at least each data line would have po- 
tential at a value close to the data voltage being applied 
next. Thus, the time is shortened from starting of appli- 
cation of the data voltage to the time when the voltage 

5 between the electrode pair of the display cell reaches 
the predetermined voltage. 

Accordingly, even if the duration is short for the ap- 
plication of data voltage to each data line, the voltage 
between the electrode pair reaches the predetermined 

io voltage corresponding to the magnitude of applied data 
voltage so that the light transmittance of the liquid crystal 
of each display cell can bo caused to match that corre- 
sponding to the value of gradation to be displayed on 
each display cell. Thus, an image can be displayed with 

is high quality even if the duration of application of data 
voltage is short. 

In addition, the present invention is the above driv- 
ing device, wherein a number of the data lines consists 
of a plurality of data line groups, and the data line driving 

20 means sequentially applies a data voltage to the data 
line in each data line group in the predetermined dura- 
tion. 

The above arrangement could perform multiplex 
driving in which the data voltage is sequentially applied 

25 to a number of data lines in each of data line groups. As 
described above, since, according to the present inven- 
tion, an image can be displayed at high quality even if 
the duration of data voltage application is short, the im- 
age can be displayed at high quality even when the mul- 

30 tiplex ratio is increased, that is, even when the number 
of data lines constituting each data line group is re- 
duced, and the number of data line groups is increased 
(this shortens the duration of data voltage application). 
In addition, since the number of data lines constituting 

35 each data line group can be reduced, it is easily attained 
to increase the size and definition of a liquid crystal dis- 
play. 

Furthermore, more particularly, the potential control 
means controls the potential on the data line so that the 

40 voltage between the electrode pair becomes a value 
sufficient to change to the predetermined voltage while 
the data line driving means applies the data voltage to 
the data line. 

Furthermore, the potential control means may con- 

45 trol the potential on the data line so that, for example, 
the potential on the data line becomes the average value 
of the data voltage applied by the data line driving 
means or the minimum absolute value of the data volt- 
age. 

so Furthermore, the present invention is the above 
driving device, wherein the data line driving means ap- 
plies to parts of data lines a voltage with a polarity dif- 
ferent from that to the remaining data lines, and the po- 
tential control means controls the potential on the data 

55 lines by electrically connecting the data lines applied 
with voltages with different polarities as the data voltage. 

When data voltages with different polarities are ap- 
plied to a pair of data lines, they have potentials with 
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polarities different each other. Here, if both data lines 
are electrically connected, a current flows to equalize 
the potential on both data lines (charges being moved) 
so that the potential on both data lines can be equalized 
without consuming electric power. Therefore, in a case 
where data voltage is applied to each of a number of 
data lines in such a manner that the polarity of data volt- 
age being applied is reversed every time, the potential 
on the data line can be made close to the data voltage 
applied next time without consuming electric power by 
electrically connecting the data lines to which voltages 
with polarities different each other is applied as the data 
voltage so that the power consumption can be reduced. 

In driving the liquid crystal display, it is typical to re- 
verse the polarity of voltage applied to each display cell 
of the liquid crystal display every time. Thus, in a case 
where parts of the data lines are applied with a voltage 
with polarity different from that for remaining data lines 
as the data voltage, and the polarities of data voltages 
applied to the parts of data lines and the remaining data 
lines are changed in such a manner that the polarity of 
voltage applied to each display cell is reversed every 
time, if the data lines applied with voltages with polarity 
different each other as the data voltage are electrically 
connected as described above while a voltage is being 
applied to a gate line connected to a display cell in which 
the voltage between the electrode pair is changed by a 
data voltage being applied to the data line next time, 
then current is caused to flow to equalize the voltage 
between the electrode pair of each display cell so that 
the voltage between the electrode pair of each display 
cell can be of a value close to the data voltage applied 
next time without consuming electrical power. There- 
fore, the power consumption can be further reduced. 

In addition, the potential control means may control 
each of a number of data lines during the time from when 
the data line driving means applies the data voltage to 
the data line previous time to when it applies the data 
voltage next time. 

Furthermore, the present invention is the above 
driving device, wherein the potential control means con- 
trols the potential on the data line during the time when 
a voltage is being applied to the gate line connected to 
a display cell in which the voltage between the electrode 
pair is changed by the data voltage applied to the data 
line next time. 

The control of potential on the data line according 
to the present invention may be performed while a volt- 
age is not being applied to any gate line. However, as 
described above, if the potential on the data line is con- 
trolled while a voltage is being applied to the gate line 
connected to a display cell in which the voltage between 
the electrode pair is changed by the data voltage applied 
to the data line next time, the voltage between the elec- 
trode pair of the display cell connected to the gate line 
also approaches to the data voltage applied next time 
as the potential on the data line is controlled so that it is 
possible to further shorten the time from starting of ap- 



plication of the data voltage to when the voltage be- 
tween the electrode pair changes to a value correspond- 
ing to that of gradation to be displayed on the display 
cell. Thus, the duration of data voltage application can 
5 be further shortened. 

Furthermore, according to the present invention, 
the potential control means may comprise potential 
changing means for changing the potential on the data 
line, a number of switching means provided between the 
io potential changing means and a number of the data 
lines, and ON/OFF control means for controlling turning 
on/off of a number of the switching means. 

Furthermore, a method for driving a liquid crystal 
display according to the present invention is a driving 
is method for driving a liquid crystal display in which a 
number of data lines and a number of gate lines are ar- 
ranged to intersect with each other, and respective dis- 
play cells are positioned at the intersections of the data 
and gate lines, the display cell consisting of a switching 
20 element connected to a data line and a gate line, a pair 
of electrodes oppositely positioned with a predeter- 
mined spacing, and liquid crystal disposed between the 
pair of electrodes, the driving method comprising steps 
of applying a voltage to the gate lines to turn on for a 
25 predetermined duration the switching element of the dis- 
play cell connected to the gate line, applying a data volt- 
age to the data line within the predetermined duration 
to change a voltage between the electrode pair of the 
display cell to a predetermined voltage, and controlling 
30 the potential on the data line so as to close to the data 
voltage being applied prior to the data voltage applica- 
tion step, whereby the control step allows to shorten the 
time from when the data voltage is applied to when the 
voltage between the electrode pair of the display cell 
35 reaches the predetermined voltage. 

Thus, as in the above, even when the duration is 
short in applying the data voltage to each data line, be- 
cause the voltage between the electrode pair of the dis- 
play cell reaches a predetermined voltage correspond- 
40 ing to the magnitude of the applied data voiiagc allowing 
the light transmission of the liquid crystal of each display 
cell to match the light transmission corresponding to the 
value of gradation to be displayed on each display cell. 
Thus, an image can be displayed at high quality even if 
45 the duration of application of data voltage is short. 

In addition, the present invention is the above driv- 
ing method, wherein a number of the data lines consists 
of a plurality of data line groups, and the data voltage 
application step sequentially applies the data voltage by 
50 the data line group within the predetermined duration for 
each data line group. 

As described above, since, according to the present 
invention, an image can be displayed at high quality 
even if the duration of data voltage application is short, 
55 the image can be displayed at high quality even when 
the multiplex ratio is increased, that is, even when the 
number of data lines constituting each data line group 
is reduced, and the number of data line groups is in- 
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creased (this shortens the duration of data voltage ap- 
plication). In addition, since the number of data lines 
constituting each data line group can be reduced, it is 
easily attained to increase the size and definition ol a 
liquid crystal display. s 

More particularly, the control step may control the 
potential on the data line so that the voltage between 
the electrode pair becomes a value sufficient to change 
to the predetermined voltage while the data voltage is 
applied in the data voltage application step. 

Furthermore, the control step may control the po- 
tential on the data line so that, for example, the potential 
on the data line becomes the average value or the min- 
imum absolute value or the data voltage. 

Furthermore, the present invention is the above 
driving method, wherein the data voltage application 
step applies to parts of data lines a voltage with polarity 
different from that on the remaining data lines, and the 
control step controls the potential on the data line by 
electrically connecting the data lines applied with volt- 
ages with polarities different each other as the data volt- 
age. Thus, as in the above, the potential on the data line 
can be made close to the data voltage applied next time 
without consuming electric power so that the power con- 
sumption can be reduced. 

Furthermore, the control step may be performed 
during the time from the application of data voltage to 
the data voltage previous time to the next application. 

Furthermore, the present invention is the above 
driving method, wherein the control step is performed 
while a voltage is being applied to the gate line connect- 
ed to a display cell in which the voltage between the 
electrode pair is changed by the data voltage applied to 
the data tine next time. Thus, it is possible to further 
shorten the lime from starling of application of the dala 
voltage to when the voltage between the electrode pair 
of the display cell changes to a value corresponding to 
that of gradation to be displayed on the display cell so 
that the duration of data voltage application can be fur- 
ther shortened. 

Brief Description of the Drawings : 

The invention wilt now be described, by way of ex- 
ample only, with reference to the accompanying draw- 
ings, in which: 

Figure 1 is a schematic diagram of the arrangement 
of an LCD unit according to a first embodiment; 

Figure 2 is a sectional view of an LCD; 

Figure 3 is a timing chart in which (A) and (B) show 
changes of gate voltage and data voltage, (C) 
shows an example of application timing of pre- 
charge voltage according to the first embodiment, 
(D) shows changes of voltage between the elec- 
trode pair of a display cell in the first embodiment, 



and (E) shows changes of voltage between the 
electrode pair of a display cell in the second embod- 
iment; 

Figure 4 is a conceptional diagram in which (A) to 
(D) show variations of changing-over of polarity of 
data voltage applied to respective display cells of 
the LCD; 

Figure 5 is a schematic arrangement of an LCD unit 
according to the second embodiment; 

Figure 6 is a schematic arrangement of an LCD unit 
according to the third embodiment; 

Figure 7 is a schematic arrangement of an LCD unit 
according to the fourth embodiment; 

Figure 8 is a conceptional diagram in which (A) il- 
lustrates how electrical power is uselessly con- 
sumed as the data voltage is applied by a conven- 
tional driving method, and (B) illustrates the opera- 
tion of the fourth embodiment; 

Figure 9 (A) and (B) are diagrams showing the re- 
sults of simulations conducted by the inventors; and 

Figure 10 is a timing chart in which (A) shows 
changes of gate voltage, (B) and (C) show changes 
of data voltage and voltage between the electrode 
pair when multiplex driving is not performed, and 
(D) and (E) show changes of data voltage and volt- 
age between the electrode pair when multiplex driv- 
ing is performed. 

Detailed Description of the Invention 

First embodiment 

Figure 1 shows a liquid crystal display unit (LCD 
unit) 30 according to this embodiment. The LCD unit 30 
comprises a driving device 32 as the driver for the liquid 
crystal display according to the present invention, and 
a reflective type liquid crystal display (LCD) 10 as the 
liquid crystal display. 

As shown in Figure 2, the LCD 10 comprises a pair 
of substrates 14 and 16 (the substrate 16 being trans- 
parent) oppositely disposed with a predetermined spac- 
ing by the spacer 1 2, between which liquid crystal 1 8 is 
sealed. A transparent electrode 20 is formed on the en- 
tire surface of the side of substrate 16 contacting the 
liquid crystal 18. Formed on the surface of substrate 14 
contacting the liquid crystal 18 is a crystalline silicone 
layer on which a number of thin film transistors (TFTs) 
24 are formed in a matrix (see Figure 2). An electrode 
22 is provided in correspondence to each of TFTs 24. 

Figure 1 shows the circuit tor LCD 10 in a simplified 
form. While illustration is omitted, the electrodes 22 are 
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connected to the source of respective TFTs 24, and the 
liquid crystal 18 is held between the electrode 22 and 
the transparent electrode 20. In Figure 1 , the liquid crys- 
tal 18, the electrode 22, and the transparent electrode 
20 for a single picture element are schematically shown 
by using the symbol for capacitor and with the reference 
"18" for the liquid crystal. The liquid crystal 18 corre- 
sponding to a single picture element constitutes a dis- 
play cell of the present invention together with the elec- 
trode 22, the transparent electrode 20, and the TFT 24. 
The transparent electrode 20 is connected to a common 
terminal 26. In the embodiment, the common terminal 
26 is grounded to make the potential of transparent elec- 
trode 20 constant (ground potential). 

The LCD 10 has m gate lines G1 - Gm extending 
along a predetermined direction toward the substrate 
14. A gate of respective TFTs 24 is connected to any 
one of the gate lines G1 - Gm. Each of gate lines G1 - 
Gm is connected to a gate line driver 34 as gate line 
driving means, which is then connected to an LCD con- 
troller 36. 

Provided on the side of substrate 1 4 of the LCD 1 0 
are 4 x n data lines d1A - dnA, d1B - dnB, d1C - dnC, 
and d1D - dnD extending in a direction intersecting the 
gate lines G1 - Gm. A drain of respective TFTs 24 is 
connected to any one of the data lines. The data lines 
are grouped into four data line groups d1 A - dnA (data 
line group A), d1 B - dnB (data line group B), dlC - dnC 
(data line group C), and d1 D - dnD (data line group D) 
each of which consists of n data lines One end of each 
data line is connected to a multiplexer 38 having output 
terminals in the same number as total number ot data 
lines (4 x n). The multiplexer 38 has n input terminals 
each of which is connected to a data line driver 40 
through respective signal lines d1 - dn. The data line 
driver 40 and the multiplexer 38 correspond to the data 
line driving means of the present invention. The data line 
driver 40 and the multiplexer 38 are connected to the 
LCD controller 36. 

The other end of each data line is connected to the 
source of respective transistors 42. In the following, to 
distinguish respective transistors, n transistors connect- 
ed to the data line group A d1 A - dnA are called a "tran- 
sistor group 42A," n transistors connected to the data 
line group B d1B - dnB are called a "transistor group 
42B," n transistors connected to the data line group C 
d1C - dnC are called a 'transistor group 42C, 1 ' and n 
transistors connected to the data line group D d1 D - dnD 
are called a "transistor group 42D." The gate of each 
transistor in the transistor groups 42A, 42B, 42C, and 
42D is connected to a precharge controller 44 which is 
connected to the LCD controller 36. Each transistor 42 
corresponds to the switching means of the present in- 
vention, and the precharge controller 44 corresponds to 
the ON/OFF control means of the present invention. 

In addition, the drain of each transistor in the tran- 
sistor groups 42A, 42B, 42C, and 42D is connected to 
a voltage switching circuit 46. The voltage switching cir- 



cuit 46 is connected to the LCD controller 36, and sup- 
plied with precharge voltages +V 1 and - V-, . The voltage 
switching circuit 46 applies the precharge voltages +V 1 
and -Vt to the drain of the transistor according to an in- 

5 struction from the LCD controller 36. The transistor 
groups 42A, 42B, 42C, 42D, the precharge controller 44, 
the voltage switching circuit 46, and the LCD controller 
36 correspond to the potential control means of the 
present invention. The voltage switching circuit 46 cor- 

10 responds to the potential changing means of the present 
invention. 

The precharge voltage +V 1 may be a value of one- 
half of the maximum value of data voltage which is de- 
scribed later, and the precharge voltage -V-, may be a 

15 value of one-half of the minimum value of data voltage. 
As an example, if the maximum value of data voltage is 
+2.5 V, and the minimum value is -2.5 V, the precharge 
voltage = +1.25 V, -V., = -1.25 V (that is, average 
values of applied data voltage). Although the voltage 

20 switching circuit 46 is schematically shown as a switch 
in Figure 1 , it actually includes a switching element such 
as a transistor. 

Now, the operation of the first embodiment is ex- 
plained. When an image is displayed on the LCD 1 0, the 

25 LCD controller 36 controls the operation of the gate line 
driver 34 in such a manner that any one of m gate lines 
G1 - Gm is applied for a predetermined duration with a 
gate voltage turning on the TFT 24 connected to that 
gate line, and the gate lines applied with the gate voltage 

30 are sequentially changed over by the predetermined du- 
ration. The LCD controller 36 sequentially outputs im- 
age data representing gradation vaiues to be displayed 
on each display cell in a display cell array connected to 
the gate line applied with the gate voltage to the data 

35 line driver 40 in synchronization with the timing in which 
the gate line driver 34 changes over the gate lines ap- 
plied with the gate voltage. 

The data line driver 40 sequentially outputs image 
data for n display cells connected to a predetermined 

40 data line group from the input image data representing 
the gradation value to be displayed on each display cell, 
outputs voltage with magnitude corresponding to the 
gradation value represented by the taken-out image da- 
ta (data voltage) to the multiplexer 38 through the signal 

45 lines dl - dn, and repeats these operations. Thus, the 
data line driver 40 outputs the data voltage to be applied 
to the display cells connected to each data line group to 
the multiplexer 38 in an order from the data line group 
A. The multiplexer 38 applies the data voltage output 

50 from the data line driver 40 to respective data lines of 
the corresponding data line group. 

Thus, also as shown in Figure 3 (B), the data volt- 
age is applied to the data line groups A - D in this order 
within the duration when the gate voltage is applied to 

55 a predetermined gate line. The data voltage is then ap- 
plied between an electrode pair consisting of the elec- 
trode 22 and the transparent electrode 20 of respective 
display cells for which TFT 24 is turned on. As de- 
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scribed, the driving device 32 according to this embod- 
iment performs multiplex driving with multiplex ratio n = 
4 for the LCD 10. 

As for the polarity of data voltage, it may be accept- 
able to, as shown in Figure 4 (A), apply a data voltage 
with the same polarity to all display cells of the LCD 
when displaying the image of a frame, and to reverse 
the polarity of data voltage every one frame, or to, as 
shown in Figure 4 (B), apply a data voltage with the 
same polarity to an array of display cells connected to 
a same gate line when displaying the image of a frame, 
to reverse the polarity of data voltage every gate line, 
and, for the next frame, to apply a data voltage with po- 
larity different from that of data voltage applied the pre- 
vious time to each display cell array. > 

In addition, the LCD controller 36 changes over the 
voltage switching circuit 46 in such a manner that, if the 
polarity of data voltage applied to each data line through 
the data line driver 40 and the multiplexer 38 is positive, 
the precharge voltage +V, is applied to the drain of each 
transistor in the transistor groups 42A - 42D, and, if the 
polarity of data voltage applied to each data line is neg- 
ative, the precharge voltage -V 1 is applied to the drain 
of each transistor That is, when the polarity of data volt- 
age is reversed every one image frame as shown in Fig- 
ure 4 (A), the precharge voltage is also switched every 
one image frame, and when the polarity of data voltage 
is reversed every one gate line as shown in Figure 4 (B), 
the precharge voltage is also switched every one gate 
line. 

Furthermore, the LCD controller 36 sequentially 
turns on the transistor groups 42A - 42D connected to 
the data line groups A - D through the precharge con- 
troller 44 at the timing shown in Figure 3 (C). 

Thus, a precharge voltage (+V 1 or -V.,) with the 
same polarity as that of the data voltage applied next 
time is applied to a data line before application of data 
voltage by the data line groups A - D. Therefore, if the 
data voltage is applied through the data line driver 40 
and the multiplexer 38, the potential on each data line 
is changed to a value substantially equal to the applied 
precharge voltage, or a value close to the data voltage 
applied next time (an average value of data voltage be- 
ing applied if the range of data voltage is +2.5 V - -2.5 
V, and the precharge voltage is +1.25 V or -1 25 V) 

In addition, when the precharge voltage is applied 
to the data line groups B - D, also as shown in Figure 3 
(A), because the gate voltage is applied to the gate line, 
and the TFT 24 of each display cell in the display cell 
array connected to the gate line is turned on, the pre- 
charge voltage is applied between the electrode pair for 
the display cell in the display cell array connected to any 
one of respective data lines in the data line groups B - 
D, and the voltage between the electrode pair of the dis- 
play cell substantially matches the precharge voltage 
when the data voltage is applied. 

Therefore, when it is started to apply the data volt- 
age for each data line group, also as shown in Figure 3 



(D), the voltage between the electrode pair of a display 
cell in which the TFT 24 is turned on reaches a value 
corresponding to the data voltage applied before the da- 
ta voltage application duration completes when com- 

5 pared with a case where no precharge is performed (see 
Figure 10 (E)). Because the light transmittance of the 
liquid crystal 18 disposed between the electrode pair 
varies in accordance with the voltage between the elec- 
trode pair, the above causes the light transmittance of 

to the liquid crystal 18 to match that corresponding to the 
value of gradation to be displayed on the display cell. 
This enables it to display an image at high quality even 
when the multiplex ratio is high and the duration of ap- 
plication of the data voltage is short for each display cell. 

15 While, in the above, the transistors in the transistor 

group A are turned on when the gate voltage is not ap- 
plied to the gate line, it is not limited to such approach. 
As shown in Figure 3 (A) with imaginary lines, it is al- 
lowed that the gale voltage is applied to the gate line 

20 even when each transistor in the transistor group 42A 
is turned on by advancing the timing to start application 
of the gate voltage to the gate line. Then, because, also 
for each display cell connected to the data line groups 
A d1 A - dnA connected to the transistor group 42 A, the 

25 voltage between the electrode pair would be caused to 
be substantially equal to the precharge voltage when the 
data voltage is applied, the time is more reduced from 
the time when it is started to apply the data voltage to 
the time when the voltage between the electrode pair 

30 matches the data voltage, which is preferable. 

In addition, for the above approach, when the data 
voltage with positive polarity is applied, each data line 
and the voltage between the electrode pair of each dis- 
play cell applied with the data voltage are +V 1 , and when 

35 ihe data voltage with negative polarity is applied, the po- 
tential on the data line is so that it becomes possible 
to reduce the amplitude of data voltage to be driven by 
the data line driver 40 (if it is assumed that the maximum 
value of the data voltage is +2.5 V, the minimum value 

40 is -2.5 V, and the precharge voltage V., is ±1.25 V, the 
amplitude can be made 1 2.5 V - 1 .25 V to -2.5 V + 1 .25 
V, or +1.25 V to - 1.25V). 

Furthermore, although, in the above, the transistors 
in each of the transistor groups 42A - 42D are turned on 

45 at different timing with each other, it is not limited to such 
approach. For example, at the timing for turning on the 
transistor group 42A as shown in Figure 3 (C), all tran- 
sistors in the transistor groups 42A - 42D may be turned 
on. Also, as described in the above, it is needless to say 

50 that the gate voltage is preferably applied to the gate 
line as shown in Figure 3 (A) with imaginary lines. 

Second embodiment 

55 Next, the second embodiment of the present inven- 
tion is explained. Components same as or similar to 
those of the first embodiment are attached with the 
same reference numerals and their description is omit- 
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ted. As shown in Figure 5, the voltage switching circuit 
46 is omitted from the driving device 50 according to the 
second embodiment. The drain of each of transistors in 
the transistor groups 42A, 42B, 42C, and42D is ground- 
ed through the terminal 48. In the second embodiment, 
wiring connecting the drain of each transistor and the 
grounding terminal corresponds to the potential control 
means of the present invention. 

Next, the operation of the second embodiment is 
explained. In the second embodiment, the data line driv- 
er 40 changes over the polarity of data voltage as shown 
in Figure 4 (B) to display an image on the LCD 10. The 
precharge controller 44 sequentially turns on the tran- 
sistor groups 42A - 42D connected to the data line 
groups A - D in this order in the timing shown in Figure 
3 (C). When the polarity of data voltage is changed over 
as shown in Figure 4 (B), the polarity of data voltage 
applied on respective data line is reversed every time. 
However, when each transistor in the transistor groups 
42A - 42D is turned on, the data line connected to at 
least the turned on transistor has the potential of zero 
volt (ground potential). Accordingly, the potential on 
each data line when the data voltage is applied would 
be a value close to the data voltage being applied (more 
particularly, the maximum absolute value of the data 
voltage to be allied). 

For the data line groups B - D, because the gate 
voltage is applied to the gate line when each transistor 
in the transistor groups 42B - 42D, and the TFT 24 of 
each display cell in the display cell array connected to 
the gate line is turned on, the voltage between the elec- 
trode pair is also made zero volt for the display cell con- 
nected to any data line of the data line groups B - D of 
the display cell array. Since the polarity of data voltage 
applied to respective display cell is reversed every time, 
the voltage between the electrode pair of each display 
cell connected to the data line groups B - D is changed 
to a value close to the data value being applied when 
the data voltage is applied through the data line driver 
40 and the multiplexer 38. 

Therefore, when it is started to apply the data volt- 
age to each data line group, also as shown in Figure 3 
(E), the voltage between the electrode pair of the display 
cell reaches a value corresponding to the data voltage 
prior to expiration of data voltage application duration 
earlier than the conventional arrangement (Figure 10 
(E)). The light transmittance of the liquid crystal 18 of 
the display cell also matches the light transmittance cor- 
responding to the gradation value to be displayed on the 
display cell. Thus, an image can be displayed at high 
quality even when the multiplex ratio is high and the du- 
ration of application of the data voltage is short for each 
display cell. 

Also in the second embodiment, at the timing for 
turning on the transistor group 42A as shown in Figure 
3 (C), all transistors in the transistor groups 42A - 42D 
may be turned on. Also, the gate voltage is preferably 
applied to the gate line as shown in Figure 3 (A) with 



imaginary lines. 

In addition, when the polarity of data voltage is 
changed over by one frame of image as shown in Figure 
4 (A) to display an image on the LCD 10, because the 

5 data voltage with the same polarity is applied to each 
data line while one frame of the image is displayed, the 
potential on each data line when the data voltage is ap- 
plied has the same polarity as that of the data voltage 
being applied, except for the time when the data voltage 

10 js applied to the top display cell array connected to the 
gate line G 1 . Thus, it is not preferable to turn on the tran- 
sistor when the gate voltage is not applied to any of the 
gate lines G1 - Gm as in the transistor group A to change 
only the potential on the data line. 

15 Therefore, when an image is displayed on the LCD 
10 by changing over the polarity of data voltage every 
one image frame, it is sufficient to turn on each transistor 
in the transistor groups 42A - 42D while the gate voltage 
is being applied to the gate line by advancing the timing 

20 to start application of the gate voltage to the gate line 
(sequentially turning on each transistor in the transistor 
groups 42A - 42D at the timing shown in Figure 3 (C), 
or turning on all transistors in the transistor groups 42A 
- 42D at the timing shown in Figure 3 (C) when the tran- 

25 sistor group 42A is turned on). Thus, when the data volt- 
age is applied to each display cell, the voltage between 
the electrode pair of each display cell would be changed 
to 0V, that is, a value close to the data voltage being 
applied. 

30 Although the terminal 48 is grounded in the above, 
instead the terminal 48 may be applied with a constant 
voltage. For example, when the maximum absolute val- 
ue of data voltage depends on the polarity of data volt- 
age, it is possible to apply to the terminal 48 a voltage 

35 corresponding to the average value o\ the maximum val- 
ue of data voltage when the polarity is positive and the 
maximum value of data voltage when the polarity is neg- 
ative (minimum value of data voltage). Thus, even when 
the maximum absolute value of data voltage depends 

40 on the polarity of data voltage, the time from starting the 
data voltage application to the data line until the voltage 
between the electrode pair of the display cell reaches a 
value corresponding to the value of gradation to be dis- 
played on the display cell can be made constant regard- 

45 less of the polarity of data voltage being applied. 

Third embodiment 

Now, the third embodiment of the present invention 
so js explained. Components same as or similar to those 
of the first embodiment are attached with the same ref- 
erence numerals and their description is omitted. As 
shown in Figure 6, in the driving device 52 according to 
the third embodiment, the drains of transistors in the 
55 transistor groups 42A, 42B, 42C, and 42D the sources 
of which are connected to the respective odd-numbered 
data lines in the data line groups A, B, C, and D (that is, 
data lines d1A, d3A, ... d1B, d3B, ... d1C, d3C, ... d1 D, 



8 



15 



EP 0 755 044 A1 



16 



d3D, . ..) are connected to a power supply line 54A, while 
the drains of transistors the sources of which are con- 
nected to the respective even-numbered data lines in 
the data line groups A, B, C, and D (that is, d2A, d4A, ... 
d2B, d4B, ... d2C, d4C, ... d2D } d4D, ...) are connected 
to the power supply line 54B. 

The power supply lines 54A and 54B are connected 
to the voltage switching circuit 46. The voltage switching 
circuit 46 applies the precharge voltage +V n or -V-, to 
the power supply lines 54A and 54B according to an in- 
struction from the LCD controller 36. However, the po- 
larities of the precharge voltage the voltage switching 
circuit 46 applies to the power supply lines 54A and 54B 
are different each other. Then, when the precharge volt- 
age +\^ is applied to the power supply line 54A, the pre- 
charge voltage -V 1 is applied to the power supply line 
54B, and when the precharge voltage -V 1 is applied to 
the power supply line 54A, the precharge voltage +V 1 is 
applied to the power supply line 54B. In the third em- 
bodiment, the power supply lines 54Aand 54B. and the 
voltage switching circuit 46 correspond to the potential 
changing means ol the present invention. 

Next, the operation of the third embodiment is ex- 
plained. The data line driver 40 according to the third 
embodiment applies the data voltage with polarity dif- 
ferent each other to the odd-numbered data lines and 
the even-numbered data lines in the data line groups A, 
B, C, and D (see Figure 4 (C) or (D)). The polarity of the 
data voltage applied to each data line may be reversed 
every one gate line as shown in Figure 4 (C), or reversed 
every one image frame as shown in Figure 4 (D). 

In addition, the LCD controller 36 changes over the 
voltage switching circuit 46 in such a manner that, if the 
polarity of the data voltage applied to the odd-numbered 
data lines in Ihe data line groups A, B, C, and D through 
the data line driver 40 and the multiplexer 38 is positive 
(that is, the polarity of the data voltage applied to the 
even-numbered data lines is negative), the precharge 
voltage +V-, is applied to the power supply line 54A and 
the precharge voltage -V 1 is applied to the power supply 
line 54B, and that, if the polarity of the data voltage ap- 
plied to the odd-numbered data lines is negative (that 
is, the polarity of the data voltage applied to the even- 
numbered data lines is positive), the precharge voltage 
-V-, is applied to the power supply line 54A and the pre- 
charge voltage +Vt is applied to the power supply line 
54B. 

That is, when the polarity of the data voltage applied 
to each data line is reversed every one gate line as 
shown in Figure 4 (C), the operation of the voltage 
switching circuit 46 is controlled in such a manner that 
the polarity of the precharge voltage applied to the pow- 
er supply lines 54A and 54B is also changed over every 
one gate line. When the polarity of the data voltage ap- 
plied to each data line is reversed every one image 
frame as shown in Figure 4 (B), the operation of the volt- 
age switching circuit 46 is controlled in such a manner 
that the polarity of the precharge voltage applied to the 



power supply lines 54A and 54B is also changed over 
every one image frame. In addition, the LCD controller 
36 sequentially turns on the transistor groups 42 A - 42D 
connected to the data line groups A - D through the pre- 

5 charge controller 44 at the timing shown in Figure 3 (C). 
Thus, as in the first embodiment, the precharge volt- 
age with the same polarity as the data voltage applied 
to each data line next lime (+V-, or -V-, ) is applied to each 
of the data line groups A - D. The potential on each data 

10 line when the data voltage is applied is changed to a 
value close to the data voltage being applied (for exam- 
ple, when the data voltage ranges +2.5 V - -2.5 V, and 
the precharge voltage is +1.25 V or -1.25 V, a value 
close to the average value of the data voltage being ap- 

15 plied), the precharge voltage is applied between the 
electrode pair for a display cell connected to any one of 
data lines in the data line groups B - D, and, when the 
data voltage is applied, the voltage between the elec- 
trode pair of the display cell becomes a value substan- 

20 tially matching the precharge voltage. 

Therefore, when it is started to apply the data volt- 
age to each data line group, also as shown in Figure 3 
(D), because the voltage between the electrode pair of 
a display cell the TFT 24 of which is turned on reaches 

25 a value corresponding to the data voltage before the da- 
ta voltage application duration expires, and the light 
transmittance of the liquid crystal 18 of the display cell 
would match that of the value of gradation to be dis- 
played on the display cell. Thus, an image can be dis- 

30 played at high quality even when the multiplex ratio is 
high and the duration of application of the data voltage 
is short for each display cell. 

Also in the third embodiment, as shown in Figure 3 
(A) with imaginary lines, it may be possible that the gate 

35 voltage is applied lo the gate line even when each tran- 
sistor in the transistor group 42A is turned on by advanc- 
ing the timing to start application of the gate voltage to 
the gate line. It may be also possible that all transistors 
in the transistor groups 42A - 42D are simultaneously 

40 turned on at the timing shown in Figure 3 (C) when the 
transistor group 42A is turned on. In such case, it is 
needless to say that the gate voltage is preferably ap- 
plied to the gate line as shown in Figure 3 (A) with im- 
aginary lines. 

45 

Fourth embodiment 

Next, the fourth embodiment of the present inven- 
tion is explained. Components same as or similar to 

so those of the third embodiment are attached with the 
same reference numerals and their description is omit- 
ted. As shown in Figure 7, the voltage switching circuit 
46 is omitted from the driving device 56 according to the 
fourth embodiment. The drains of transistors in the tran- 

55 sistor groups 42A, 42B, 42C, and 42D are grounded 
through the grounding conductor 58. In the fourth em- 
bodiment, the grounding conductor 58 corresponds to 
the potential changing means of the present invention. 
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Next, the operation of the fourth embodiment is ex- 
plained. The data line driver 40 according to the fourth 
embodiment applies, as in the third embodiment, the da- 
ta voltage with polarity different each other to the odd- 
numbered data lines and the even-numbered data lines 
in the data line groups A, B, C, and D, and reverses the 
polarity of data voltage applied to each data line by every 
one gate line (see Figure 4 (C)). In addition, the LCD 
controller 36 sequentially turns on the transistor groups 
42A - 42D connected to the data line groups A - D at the 
timing shown in Figure 3 (C). 

Since, in the fourth embodiment, voltages with dif- 
ferent polarities are applied to adjacent data lines as the 
data voltage, the adjacent data lines have potential with 
polarity different each other. Thus, when each transistor 
in the transistor groups 42A - 42D is turned on, charges 
move in the direction indicated by an arrow in Figure 7 
or opposite direction through the grounding conductor 
58 so as to make the potential on the adjacent data lines 
equally zero volt. When each transistor in the transistor 
groups 42A - 42D is turned on, because the gate voltage 
is applied to the gate line, the TFT 24 of each display 
cell connected to the gate line is turned on, and, for the 
display cell connected to any one of data lines in the 
data line groups B - D, charges move through the 
grounding conductor 58 to make equally zero volt with 
the voltage between the electrode pair of a pair of dis- 
play cell connected to the adjacent data lines, respec- 
tively, as shown in Figure 8 (B). 

Figure 8 (B) schematically shows the transistor 42 
and the data line driver 40, and the multiplexer 3B is 
omitted for illustration. 

It is typical to reverse every time the potential of the 
data voltage applied to respective display cells of the 
LCD 10. In the conventional driving method, as sche- 
matically shown in Figure 8 (A), the display cell to which 
the data voltage with positive potential is applied previ- 
ous time is caused to have the voltage between the elec- 
trode pair of zero volt as the charges accumulated be- 
tween the electrode pair flows as a discharge current to 
the ground terminal when the data voltage is applied 
next time so that the voltage between the electrode pair 
is made zero volt. Further, the potential of the electrode 
pair becomes negative by applying the data voltage with 
negative potential In addition, the display cell to which 
the data voltage with negative potential is applied pre- 
vious time has the voltage between the electrode pair 
of zero volt when the data voltage with positive polarity 
is applied next time, and a charging current flows until 
the polarity of the voltage between the electrode pair 
reaches a predetermined positive value. Therefore, the 
charges accumulated between the electrode pair of the 
display cell to which the data voltage is applied (and, 
charges accumulated in the data lines) are uselessly 
disposed. This is also true to the first to third embodi- 
ment described above. 

On the contrary to the above, in the fourth embod- 
iment, by turning on each transistor in the transistor 



groups 42A - 42D, charges move through the grounding 
conductor 58 so that the potential on the adjacent data 
tines (for the data line groups B - D, also the voltage 
between the electrode pair of a pair of display cells con- 

s nected to the adjacent data lines, respectively) also be- 
comes equal. In this case, if the absolute values of po- 
tentials on the adjacent data lines are equal, no charge 
flows to the grounding terminal so that the potentials on 
the adjacent data lines can be made zero volt equally 

10 without wasting any electrical power. Thus, the electrical 
power consumed by driving the data line can be reduced 
by 50%. 

However, since each data line is applied with the 
data voltage with magnitude corresponding to the value 
of gradation to be displayed on each display cell, the 
potential on the data line when the transistor is turned 
on has a value corresponding to the magnitude of data 
voltage previously applied, the absolute values of po- 
tentials on the adjacent data lines are not necessarily 
20 equal. If the absolute values of potentials on the adja- 
cent data lines, when the transistor is turned on, charges 
(current) not contributing change of the potential on the 
data tine (and, the voltage between the electrode pair of 
the display cell), although it is very small, flows from the 
25 grounding conductor 58 to the grounding terminal. 

Therefore, although the reduction of power con- 
sumption is slightly less than 50%. it is possible to make 
the potentials on the adjacent data lines (and. the volt- 
age between the electrode pair of a pair of display cells 
30 connected to the adjacent data lines, respectively) zero 
volt equally consuming substantially no electrical power 
(disposing substantially no accumulated charge) by 
more effectively utilizing the charges accumulated on 
the data lines or between the electrode pair of the dis- 
ss play cell lhan in the prior art so that the electrical power 
consumed by driving the data line can be significantly 
reduced. 

Furthermore, when the data voltage is applied, be- 
cause the potential on each data line (and. the voltage 

40 between the electrode pair of each display ccii connect- 
ed to the data line groups B - D) is zero volt, as in the 
first tothird embodiments, the voltage between the elec- 
trode pair of the data cell applied with the data voltage 
reaches a value corresponding to the data voltage be- 

45 fore the data voltage application duration expires, and 
the light transmittance of the liquid crystal 18 of the dis- 
play cell matches that of the value of gradation to be 
displayed on the display cell. Thus, an image can be 
displayed at high quality even when the multiplex ratio 

so is high and the duration of application of the data voltage 
is short for each display cell. 

Also, in the fourth embodiment, it is preferable that 
the gate voltage is applied to the gate line at the timing 
shown in Figure 3 (A) with imaginary lines so that the 

55 gate voltage has been applied to the gate line when the 
transistor group 42A is turned on. Then, the charge ac- 
cumulated between the electrode pair of the display cell 
connected to the data line group A can be also effec- 
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tively utilized when the data voltage is applied next time. 
All transistors in the transistor groups 42A - 42D may be 
turned on at the timing shown in Figure 3 (C) when the 
transistor group 42A - 42D is turned on. In such case, it 
is needless to say that the gate voltage is preterably ap- 5 
plied to the gate line as shown in Figure 3 (A) with im- 
aginary lines. 

In addition, when an image is displayed on the LCD 
10 by changing over the polarity of data voltage every 
one image frame as shown in Figure 4 (D), it is sufficient 
to turn on each transistor in the transistor groups 42A - 
42D while the gate voltage is being applied to the gate 
line by advancing the timing to start application of the 
gate voltage to the gate line (sequentially turning on 
each transistor in the transistor groups 42A - 42D at the 
timing shown in Figure 3 (C), or turning on all transistors 
in the transistor groups 42A - 42D at the timing shown 
in Figure 3 (C) when the transistor group 42A is turned 
on). Thus, the voltage between the electrode pair of 
each display cell can be changed to zero volt, or a value 
close to the data voltage being applied before the data 
voltage is applied to each display cell so that the power 
consumption can be reduced, and an image can be dis- 
played at high quality even when the duration of appli- 
cation of the data voltage is short for each display cell. 

Explanation of experiment results 

Next, explanation is given the results of experi- 
ments (simulations) conducted by the inventors. Figure 
9 shows simulations on changes of voltage between the 
electrode pair in a case where the precharge voltage is 
not applied (shown by broken lines in Figure 9), and 
where it is charged 1 .5 V or -1 .5 V (shown by solid lines 
in Figure 9) when +3 V and -3 V which are the maximum 
and minimum values as the data voltage, respectively, 
are alternately applied to the driving device 32 described 
for the first embodiment. 

Figure 9 (B) is an enlarged view of the area sur- 
rounded by the broken lines in Figure 9 (A). As clearly 
seen from Figure 9 (B), in a case where the precharging 
is not performed, the voltage between the electrode pair 
increases even when the data voltage is completed for 
application, but does not reach the data voltage (+3 V 
in this case) with a relatively steep inclination of the in- 
crease of the voltage between the electrode pair. The 
insufficient amount of the voltage between the electrode 
pair to the data voltage corresponds to the difference of 
voltage between the electrode pair when the value of 
gradation differs by M 1 " in this embodiment although de- 
pending on the number of gradations to be displayed on 
the LCD 10. Thus : it is impossible to match the light 
transmittance of the liquid crystal of the LCD 10 to that 
corresponding to the value of gradation represented by 
the applied data voltage. 

On the other hand, in a case where the precharging 
is performed, as shown by the solid lines in Figure 9 (B), 
the voltage between the electrode pair reaches the data 



voltage (+3 V) when the data voltage is completed for 
application, and the light transmittance of the liquid crys- 
tal of the LCD 10 becomes a value exactly correspond- 
ing to the value of gradation represented by the data 
voltage. Therefore, according to the present invention, 
it is possible to match the light transmittance of the liquid 
crystal of the LCD 10 to that corresponding to the value 
of gradation to be displayed on each display cell so that 
an image can be clearly displayed on the LCD 1 0 at high 
quality. 

For the third and fourth embodiments, although de- 
scription is given by exemplifying a case where the data 
voltages with polarities different each other is applied to 
the odd-numbered and even-numbered data line groups 
of the data line groups A, B, C, and D, the present in- 
vention is not limited to such arrangement. It is needless 
to say that the data lines constituting each data line 
group may be divided into two groups, and data voltages 
with polarities different each other are applied to respec- 
tive groups. However, as described for the fourth em- 
bodiment, in a case where the potential on the data line 
(and, the voltage between the electrode pair of display 
cell) is changed by electrically connecting data lines ap- 
plied with the data voltages with different polarities, it is 
preferable to make the number of data lines constituting 
two groups the same number because the power con- 
sumption can be most reduced. 

In addition, for the above embodiments, description 
is given on an example where one end of the data line 
is connected to the multiplexer 36, and the other end is 
connected to the transistor 42. The present invention is 
not limited to such arrangement. It may be possible to 
connect one end of the data line to the multiplexer 38 
and the transistor 42. However, connecting one end of 
the data line to the multiplexer 36 and the other end to 
the transistor 42 is preferable because each data line 
can be inspected for its open or short-circuiting by using 
the transistor 42 and the multiplexer 38 in the inspection 
process for the produced LCD. 

Furthermore, for the above embodiments, descrip- 
tion is given on an example where the gates of the tran- 
sistors 42 provided in correspondence to respective da- 
ta tines are grouped into the transistor groups 42 A, 42B, 
42C, and 42D, and connected to the precharge control- 
ler 44 However, when the potential is controlled at the 
same timing for each data line, it may be possible tobun- 
dle and connect the gates of all transistors to the pre- 
charge controller 44. 

Furthermore, the potential on the data line and the 
voltage between the electrode pair of the display cell 
may be precharged to a constant value corresponding 
to the maximum or minimum value of the data voltage 
by applying a constant voltage corresponding to the 
maximum or minimum value of the voltage between the 
electrode pair of the display cell (for example, +2.5 V or 
-2.5 V) to the data line while the gate voltage is applied 
to the gate line. Thus, the data line driver can change 
the voltage between the electrode pair to a desired po- 
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larity and magnitude only by always applying a voltage 
with a constant polarity to the data line to change the 
voltage between the electrode pair to a fixed direction 
(for example, changing the voltage between the elec- 
trode pair toward the minimum value when the voltage s 
between the electrode pair is precharged to the maxi- 
mum value, or changing the voltage between the elec- 
trode pair toward the maximum value when the voltage 
between the electrode pair is precharged to the mini- 
mum value) so that it becomes possible to simplify the to 
arrangement of the data line driver. 

Recently, it has been attempted to directly incorpo- 
rate the driving circuit on the panel of LCD. It is a bot- 
tleneck that a CMOS structure is relatively difficult to be 
constructed on the panel of LCD. Contrary to this, when is 
the simplified data line driver as described above is em- 
ployed, it is possible to streamline the production proc- 
ess, and to attain improvement of yield in the manufac- 
turing stage due to reduction of the number of compo- 
nents constituting the driving circuit so that direct as- 20 
sembly of the driving circuit on the LCD panel can be 
facilitated. 

In addition, while the above description is given by 
exemplifying a reflective type LCD 10, the present in- 
vention is not limited to it, and may be used for a trans- ? s 
mission type LCD. In the transmission type LCD, how- 
ever, because it is impossible to use crystal silicon with 
very low light transmittance as in the reflective type LCD 
10 as the substrate material for forming switching ele- 
ments such as TFT, a substrate consisting of amor- 30 
phous silicon or polysilicon is used. However, it is not 
easy to form logic circuits such as the multiplexer on 
such substrate of amorphous silicon or polysilicon when 
compared with the formation on the crystal silicon sub- 
strate. Therefore, if it is assumed to perform multiplex 35 
driving, it is desirable to apply the present invention to 
driving of a reflective type LCD. 

Furthermore, although the description is given by 
exemplifying the embodiments performing multiplex 
driving, the present invention is not limited to it, but may 40 
be applied to a conventional driving system where the 
data voltage is applied to all data line at the same timing. 

Claims 45 

1. A driving device for driving a liquid crystal display 
(10) in which a number of data lines (d1 ..dn) and a 
number of gate lines (G1..Gm) are arranged to in- 
tersect with each other, and respective display cells so 
(18) are positioned at the intersections of the data 
and gate lines, the display cell consisting of a 
switching element (24) connected to a data line and 
a gate line, a pair of electrodes (22, 20) oppositely 
positioned with a predetermined spacing, and liquid 55 
crystal (18) disposed between said pair of elec- 
trodes, said driving device comprising: 
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gate line driving means (34) connected to a 
number of said gate lines, and for applying a 
voltage to said gate lines to turn on for a pre- 
determined duration said switching element of 
said display cell connected to said gate line, 

data line driving means (40) connected to a 
number of said data lines, and for applying a 
data voltage to said data lines for said prede- 
termined duration to change the voltage be- 
tween the electrode pair of said display cell 
connected to said gate line to which the voltage 
is applied by said gate line driving means to a 
predetermined voltage, and 

potential control means (42A, 42B, 42C, 42D, 
44, 46, 36) for controlling potential on a number 
of said data lines so that, before the data volt- 
age is applied to said data line by said data line 
driving means, the potential on said data line is 
close to the data voltage being applied. 

2. A driving device for driving a liquid crystal display 
(10) as claimed in Claim 1 , wherein a number of said 
data lines (d1 ..dn) consist of a plurality of data line 
groups (A, B, C, D), and the data line driving means 
(40) sequentially applies a data voltage to the data 
line in each data line group in the predetermined 
duration. 

3. A driving device for driving a liquid crystal display 
(10) as claimed in Claim i or 2, wherein said poten- 
tial control means controls the potential on the data 
line (dl ..dn) so that the potential on said data line 
becomes a value sufficient for the voltage between 
the electrode pair (22, 20) of said display cell (18) 
to change to the predetermined voltage while the 
data line driving means (40) applies the data volt- 
age to the data line. 

4. A driving device for driving a liquid crystal display 
(10) as claimed in Claim 3, wherein said potential 
control means controls the potential on said data 
line (dL.dn) so that the potential on said data line 
becomes the average value of the data voltage ap- 
plied by said data line driving means (40) or the min- 
imum absolute value of said data voltage. 

5. A driving device for driving a liquid crystal display 
(10) as claimed in any one of Claims 1-3, wherein 
said data line driving means (40) applies to parts of 
data lines (d1 ..dn) a voltage with a polarity different 
from that to the remaining data lines, and said po- 
tential control means controls the potential on said 
data lines by electrically connecting the data lines 
applied with voltages with different polarities as the 
data voltage. 
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6. A driving device for driving a liquid crystal display 
(10) as claimed in any one of Claims 1 - 5, wherein 
said potential control means controls each of a 
number of said data lines (dl..dn) during the time 
from when said data line driving means (40) applies 
the data voltage to said data tine previous time to 
when it applies the data voltage next time. 

7. A driving device for driving a liquid crystal display 
(10) as claimed in Claim 6, wherein said potential 
control means controls the potential on said data 
lino (d1 ..dn) during the time when a voltage is being 
applied to the gate line connected to a display cell 
(18) in which the voltage between the electrode pair 
is changed by the data voltage applied to the data 
line next time. 

8. A driving device for driving a liquid crystal display 
(10) as claimed in any one of Claims 1 - 7, wherein 
said potential control means comprises: 

potential changing means (46) for changing the 
potential on said data line, 

a number of switching means (42A, 42B, 42C, 
42D) provided between said potential changing 
means and a number of said data lines, and 

ON/OFF control means (44) for controlling turn- 
ing on/off of a number of said switching means. 

9. A driving method for driving a liquid crystal display 
(10) in which a number of data lines (dl ..dn) and a 
number of gate lines (G1..Gm) are arranged to in- 
tersect with each other, and respective display cells 
(18) are positioned at the intersections of the data 
and gate lines, the display cell consisting of a 
switching element (24) connected to a data line and 
a gate line, a pair of electrodes oppositely posi- 
tioned with a predetermined spacing, and liquid 
crystal disposed between said pair of electrodes 
(22, 20), said driving method comprising steps of: 

applying a voltage to said gate lines to turn on 
for a predetermined duration said switching el- 
ement of said display cell connected to said 
gate line, 

applying a data voltage to said data line within 
said predetermined duration to change a volt- 
age between the electrode pair of said display 
cell to a predetermined voltage, and 

controlling the potential on said data line so as 
to close to the data voltage being applied prior 
to said data voltage application step, 

whereby said control step allows to shorten the 



time from when the data voltage is applied to 
when the voltage between the electrode pair of 
said display cell reaches said predetermined 
voltage. 

5 

10. A driving method for driving a liquid crystal display 
(10) as claimed in Claim 9, wherein a number of said 
data lines (d1 ..dn) consist of a plurality of data line 
groups (A, B, C, D), and said data voltage applica- 
nt tion step sequentially applies the data voltage to the 

data line group within said predetermined duration 
for each data line group. 

11. A driving method for driving a liquid crystal display 
*s (10) as claimed in Claim 9 or 10, wherein said con- 
trot step controls the potential on said data line (d1 .. 
dn) so that the potential on said data line becomes 
a value sufficient for the voltage between the elec- 
trode pair (22, 20) of a display cell to change to the 

20 predetermined voltage white the data voltage is ap- 
plied at the data voltage application step. 

12. A driving method for driving a liquid crystal display 
(10) as claimed in Claim 11, wherein said control 

25 step controls the potential on said data line (d1 . .dn) 
so that the potential on said data line becomes the 
average value of said data voltage or the minimum 
absolute value of the data voltage. 

30 13. A driving method for driving a liquid crystal display 
(10) as claimed in any one of Claims 9-11, wherein 
said data voltage application step applies to parts 
of data lines a voltage with polarity different from 
that on the remaining data lines, and 

35 said control step controls the potential on said 

data line by electrically connecting said data lines 
applied with voltages with polarities different each 
other as the data voltage. 

40 14. A driving method for driving a liquid crystal display 
(10) as claimed in any one of Claims 9-13, wherein 
said control step is performed during the time from 
the application of data voltage to the data line (d1 .. 
dn) previous time to the next application. 

45 

15. A driving method for driving a liquid crystal display 
(10) as claimed in Claim 14, wherein said control 
step is performed while a voltage is being applied 
to the gate line (G1..Gm) of a display cell (18) in 
50 which the voltage between the electrode pair is 
changed by the data voltage applied to said data 
line next time. 
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